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O b s e r v a t o r y CSSO) have been made s i n c e May 1976. A n a l y s i s o f t h e 731 f u l l -d i s k l o w -r e s o l u t i o n d o p p l e r g r a n~s made t o d a t e y i e l d s r e s u l t s t h a t c o n f l i c t w i t h s o m e o t h e r r e c e n t s e t s o f o b s e r v a t i o n s . The SSO o b s e r v a t i o n s show no d a i l y o r l o n g p e r i o d v a r i a t i o n s i n t h e r o t a t i o n r a t e t h a t e x c e e d o b s e r t v a t i o n a l e r r o r , and t h e a v e r a g e r a t e i s about
t h e same a s t h a t o f t h e l a r g e -s c a l e m a g n e t i c f i e l d s t r u c t u r e s and s u n s p o t s . These c o n c l u s i o n s a r e a p p a r e n t l y i n c o n s i s t e n t with t h e w e l l known r e s u l t s o f Howard and Harvey(l970) and t h e more r e c e n t r e p o r t s o f L i v i n g s t o n and Duvall(l9'79) and Howard e t a 1 . ( 1 9 7 9 ) .
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T h e SSO i n s t r u m e n t d e s i g n i s v e r y s i m i l i a r t o t h e s o l a r m a g n z t o g r a p h a t t h e M t . W i l s o n 150 f o o t tower t e l e s c o p e (Howard el; a, 1968; Howard and Harvey 1970; and Howard 1976) b u t was devigned f o r o n l y l o w s p a t i a l r e s o l u t i o n o b s e r v a t i o n s . S i n c e some o f t h e d i f f e r e n c e s may a f ' f e o t r o t a t i o n m e a s u r e m e n t s , t h e r e l e v a n t d e t a i l s The r e s u l t s p r e s e n t e d h e r e d i f f e r s l i g h t l y from t h e two e a r l i e r r e p o r t s due t o r e c a l i b r a t i o n of t h e p o s i t i o n , i n t e n s i t y , and v e l o c i t y d a t a . The c a l i b r a t i o n methods used i n t h e p r e s e n t work a r e d e s c r i b e d below.
P o s i t i o n C a l i b r a t i o n
The SSO t e l e s c o p e i s o u t l i n e d i n F i g u r e 1 . The i n s t r u m e n t c o n s i s t s o f a v e r t i c a l t e l e s c o p e w i t h f o c a l l e n g t h o f 6 . 5~1 f e e d i n g a v e r t i c a l 22.8m L i t t r o w s p e c t r o g r a p h . The s p e c t r o g r a p h i s used i n t h e 5 t h o r d e r w i t h a r e c i p r o c a l d i s p e r s i o n o f 12.9 mm/8 a t 5250 8. The e n t r a n c e a p e r t u r e c o n s i s t s of a 6mm s q u a r e mask, an image s l i c e r , and a 8.75mm by 100mm s l i t . Thare a r e s e v e r a l systematic e f f e c t s t h a t must be examined when u s i n g t h i s e n t r a n c e aperture arrangement f o r l o w -r e s o l u t i o n observations. These influence the e f f e c t i v e position of the aperture on the sun and the measured velocity.
The scanning system used i s s i m i l i a r t o most magnetograph i n s t r u m e n t s . A l i m b g u i d e r c o n t r o l s t h e o r i e n t a t i o n o f t h e s e c o n d -f l a t m i r r o r w i t h an analog servo system. The guider image i s produced by an auxiliary l e n s w i t h focal length of 7.0m. The sun i s scanned by moving t h e g u i d e r north-south and east-west i n s t e p s of 0.001 i n c h . The p o s i t i o n a n g l e of t h e s o l a r pole r e l a t i v e t o the scanning axes i s computed from the date and location of the coelostat m i r r o r . The magnetogram/dopplergram scan i s made by stepping the i m a g e t o f i x e d p o s i t i o n s and i n t e g r a t i n g f o r 15-seconds a t each l o c a t i o n , i n s t e a d of w i t h a continuous motion. The scan i s made i n e a s t -w e s t l i n e s ( o n t h e s u n ) s t e p p i n g 90 arc-seconds between i n t e g r a t i o n s with 180 arc-seconds between l i n e s . The aperture is 180 arc-second square and i s oriented p a r a l l e l t o the entrance s l i t which i s n o r t h -s o u t h i n t h e room. Prior t o February 15, 1978 the aperture was r o t a t e d t o be p a r a l l e l t o c e n t r a l meridian on the image r e s u l t i n g i n non-uniform i l l u m i n a t i o n o f some of t h e image s l i c e r segments.
Although no d j f f e r e n c e i n t h e v e l o c i t y d a t a was found f o r several p a i r s of o b s e r v a t i o n s w i t h t h e aperture oriented each way, there i s l e s s r i s k of systematic e r r o r s w i t h the present alignment. darkening and averaged ovor t h s center half of the disk, TPc variance o f t h i s q u a n t i t y i s used a s a part of a quality figure t o r the scan,
I n t e n s i t y Calibration
The magnitude of t h e average i n t e n s i t y w i l l dspond on t h e z e n i t h a n g l e , t h e p h o t o -m u l t i p l i e r tube v o l t a g e , t h e sky quality and tho c l e a n l i n e s s of t h e o p t i c s , Sincs the phototube voltages a r e r a r e l y changed ( t w i c e per y e a r ) t h i s q u a n t i t y can b e w e d t o monitor t h e c l e a n l i n e s s of t h e sky and o p t i c s . When i t was discovered t h a t the average i n t e n s i t y could a l s o be used t o compute a correction for t h e e f f e c t of scattered l i g h t on the velocity observations, an e f f o r t was made t o c a l i b r a t e the i n t e n s i t y f o r the phototube voltages used since the s t a r t of the observations. There are, t h e r e f o r e , s e v e r a l measures of the i n t e n s i t y of integrated sunlight f o r each day. A l l of the i n t e n s i t y observationa f o r each day were p l o t t e d on a l o g s c a l e a s a f u n c t i o n of computed airmass, A t y p i c a l p l o t i s shown i n F i g u r e 2 . I t can be seen t h a t the expected l i n e a r r e l a t i o n s h i p i s found. The i n t e r c e p t c o l~r e s p o n d s t o t h e i n t e n s i t y t h a t would have been observed without t h e i n t e r v e n i n g atmosphere. From a plot of the intercept value a s a function of date, t h e i n t e n s i t y changes r e s u l t i n g from phototube voltage changes were found. The calibrated dLsk average I n t e n s i t y from the magnetograms i s p l o t t c d i n Figure 3 ,
Most o f t h e v a r i a t i o n w i t h t i m e is due t o t h e v a r y i n g amount o f d i r t on t h o o p t i c s , The arrow8 show t h o t i m o s t h a t t h o c o e l o s t a t m i r r o r
and l e n s e s were c l a a n e d .
V c l o c i t y C a l i b r a t i o n and C o r r e c t i o n s Tho v o l o c i t y o b s e r v a t i o n s a r e made by measuring t h e p o s i t i o n o f t h o s p e c t r a l l i n e . The s p e c t r o g r a p h e x i t a p e r t u r e c o n s i s t s o f a p a i r o f prisms mount;ed such that; each prism g e t s l i g h t from one wing o f t h e l i n e a n d direc!ts i t t o a p h o t o m u l t i p l i e r tube. The prism assembly i s mounted o n a c c u r a t e ways and p o s i t i o n e d by a p r e c i s e measuring screw,

A s h a f t e n c o d e r i s used t o r e c o r d t h e p o s i t i o n of' tvle prisms w h i l e a s e r v o s y s t e m k e e p s them c e n t e r e d o n t h e l i n e . One c o u n t o f t h e encoder c o r r e s p o n d s t o 1/4096 o f a turn o f t h e screw w i t h 10 t u r n s p e r i n c h . T h u s , f o r t h e d i s p e r s i o n a t 5255 8 , t h e v e l o c i t y c a l i b r a t i o n i s 2 . 7 5 2 m/s p e r encoder count. T h i s c o r r e s p o n d s t o about 0.6 micron o f p h y s i c a l d i s p l a c e m e n t o f t h e prisms and i s about t h e p r a c t i c a l l i m i t
f o r a m e c h a n i c a l m e a s u r i n g e n g i n e .
T h e RMS v a r i a t i o n d u e t o s p e c t r o g r a p h s e e i n g , e l e c t r o n i c n o i s e , and s e r v o e r r o r s i s t y p i c a l l y 10m/s f o r a 1 5 -s e c o n d o b s e r v a t i o n i n i n t e g r a t e d l i g h t . The v e l o c i t y c a l i b r a t i o n i s m e a s u r e d e a c h d a y a 3 p a r t o f a s e r i e s o f a u t o m a t i c c h e c k s , h o w e v e r , s i n c e t h e u n c e r t a i n t y i n t h e d a i l y measurement o f
d i s p e r s i o n i s l a r g e r t h a n t h e v a r i a t i o n s , a c o n s t a n t v a l u e i s used f o r t h e d a t a r e p o r t e d h e r e . and Harvey(l970) and Howard ct a, (1979) .
B e f o r e t h e ~b s e r v o d l i n c p o s i t i o n d a t a can be i n t e r p r e t s t a s motions of t h e s u n , t h e r e l a t i v e motion
O t h e r s o u r c e s of' d r i f 2 i n t h e v e l o c i t y d a t a i n c l u d e a slow m o t i o n o f t h e d i f f r a c t i o n g r a t i n g d u r i n g t h e f i r s t hour a f t e r i t i s r~e p o s i t i o n e d , c h a n g e s i n t h e i n d e x o f r e f r a c t i o n of t h e a i r i n t h e s p e c t r o g r a p h , and d r i f t s i n t h e r e l a t i v e g a i n o f t h e phototubes. To r e d u c e t h e e f f e c t o f t h e g r a t i n g d r i f t , t h e s t a r t o f each s c a n i s d e l a y e d f o r a b o u t o n e h a l f hour a f t e r t h e g r a t i n g i s p o s i t i o n e d . I n o r d e r t o r e m o v e t h e r e m a i n i n g d r i f t s f r o m t h e d a t a a p a i r o f f i v e -m i n u t e i n t e g r a t i o n s a r e made a t t h o c e n t e r o f t h e d i s k , one
b e f o r e a n d o n e a f t e r t h e s c a n . I t i s assumed t h a t t h e d r i f t s a r e l i n e a r i n t i m e a n d t h e s e two d i s k -c e n t e r a v e r a g e s a r e used t o d e f i n e t h e z e r o l i n e . and t h u a t h e r o t a t i o n r a t e i n m/s r a t t i o r t h a t r a d i a n o / s . This n o c c s s i t a t e s conversion of t h e f i n a l r e s u l t t o angular velocity f o r comparisons b u t i s more convenient f o r studying tho various systerna,tic e f f e c t s , The I : $ b red s h i f t i s assumed t o be symmetrioal about c e n t r a l meridian so t h a t i t wf 11 not a f f e c t the rotation r a t e terms and i s n o t e x p l i c i t i y removed, The magnitude of the l i m b s h i f t i s expected t o ba about 30s/s a t the boundary of' the 0.75R0 d i s k used for the rotation rotation studies and w i l l be discussed i n a future paper, S i n c e an errol* i n t h e computed position angle of tho solar pole w i l l produce an apparent north-south velocity a t the expense of r o t cion, t h e l i n e a r anti-symmetrical p a r t of the velocity i n che north-south direction i s also found.
F i g u r e 4 shows t h e t o t a l eqount of' t h i s d r i f t f o r each o f t h e o b s e r v a t i o n s used fcr t h i s s t u d y . Once t h e r e l a t i v e m o t i o n s and d r i f t s a r e removsd t h e r o t a t i o n r a t e o f t h e photosphere can be computed. The f i r s t q u e s t i o n one must a d d r e s s when m e a s u r i n g s o l a r r o t a t i o n i s how t o d e s c r i b e t h a t r o t a t i o n . T h e t r a d i t i o n a l m e t h o d h a s b e e n t o a s s u m e t h a t t h e a n t i -s y m m e t r i c a l p a r t o f t h e d o
The foirm f o r d i f f e r e n t i a l rotation used i s the sane a s used by
Moward and Harvey(l970) but we make the assumption t h a t the terms b and c i n ( 1 ) nave t h e same value. There 13 u computational problem r e s u l t i n g from t h e nsnorthognnnl.lt-y of the terms used t o describe T h e a o m b i n s d e f f e c t o f t h e u s e of' an imago s l i c e r + , a 3-arc-minute a p e r t u r e , ancl the north-south direction of' the entrance s l i t r~s u l t s i n a s i g n a l i n t h e same sense as solar rotation i f the e x i t s l i t J . 8 not exactly p a r a l l e l t o t;hu entrance s l i t , Prior t o I 5
February 1978 thore was a small miaalignr~~ent t h~t caused such an e r r o r ( a s described by 5uvall 1979). In addition to alteri.ng the observed r o t a t i o n r a t e , tho mfsilli~nmcnt of the slits r e s u l t s i n an apparent change i n rotation w i t h distance from d i s k center. Tho net e f f e c t can b e c l e a r l y s e e n b y comp3ring uncorrcctc!d d o p p l e r g r a m s f o r o b s e r v a t i o n s before and a f t e r the slit r@nd.iustment* Figure 5 shows two such dopplergrams, The closed contours a t the e a s t and west limbs in Figure 5a are the r e s u l t of the misnlijinment. An analysis of the c o t * r e l a t i o n between t h e e q \ l~i t o r i a l r o t a t i o n r a t e and i n t e n s t i y ( a s d e s c r i b e d below) shows t h a t t h e data before the slits were properly adjusted should be increased by 2 , l percent, T h i s correction has been included i n the r e s u l t s presented here.
The Problem F i g u r e 6 shows t h e observed equatorial r a t e a. corrected f o r a l l t h e e f f e c t s described above. The general character of the data is a sequence of slow declines followed by sudden increases, The arrows Figure 3 and
show t h e t i m e s t h a t t h e c o e l o s t a t mirror was removed and cleaned or resurfaced. There is a clear connection between the times of cleaning and t h e t i m e s of s h a r p i n c r e a s s i n observed r o t a t i o n r a t e . The c o r r e l a t i o n between t h e observed b r i g h t n e s s shown i n
Figure o i
s a l s o obvious. A f t e r each c l e a n i n g of' the o p t i c s , the i n t e n s i t y and a. both jump. A s d u s t and smog accumulate on t h e m i r r o r s and l e n s , both t h e i n t e n s i t y o f the image and the observed r o t a t i o n r a t e decrease. T h i s correlation i s t o be expected since a s t h e d u s t s c a t t e r s l i g h t out of the main beam, i t mixes l i g h t from the e n t i r e d i s k w i t h l i g h t from a p a r t i c u l a r region.
The d e t a i l s o f t h e expected e f f e c t depana on the density of s c a t t e r i n g sources, tho s i z e and height d i s t r i b u t i o n of tho p a r t i c l e s ,
and t h e a n g u l a r a p e r t u r e of t h e i n s t r u m e n t . In any c a s e i t i s expected t h a t tile e f f e c t on +lie rotation r a t e w i l l be proportional t o t h e s c a t t e r e d b r i g h t n e s s j u s t off the l i m b . Because of the limited a n g u l a r a p e r t u r e t h e e f f e c t
i v e i n t e n s i t y of the scattered l i g h t w i l l be p r o p o r t i o n a l t o t h e d e n s i t y of s c a t t e r e r s while t h e d i r e c t i n t e n s i t y w i l l decrease exponentially w i t h the number of s c a t t c , a r s . T h e r e f o r e , i n t h e a n a l y s i s below, t h e n a t u r a l l o g a r i t h m of t h e i n t e n s i t y i s used f o r coniparison t o the rotation r a t e . The e f f e c t of s c a t t e r e d l i g h t from t h e i n s t r u m e n t and t h e s k y on r o t a t i o n ~e a s u r e % d n t s has been known f o r a long time (eg. P l a s k e t t , 1915).
The Correction
S i n c e t h e r e i s an e f f e c t on t h e observed v e l o c i t i e s due t o scattered l i g h t , observations should otlly be made w i t h c l e a r s k i e s and c l e a n o p t i c s . I n t h e p a s t a t the SSO t h i s condition was not always met but s i n c e t h e o b s e r v a t i o n s mzde i n l e s s than optimum conditions
c o n t a i n a s i g n i f i c a n t amount of information about s o l a r motions, we have attempted t o remove a s much of the e f f e c t of scattered l i g h t a s p o s s i b l e . T h i s i s done by finding an empirical r e l a t i o n between the i n t e n s i t y 1 and a . W e expect: 0 where T i s the optical thickness. The scattered l i g h t i n t e n s i t y S off t h e l i m b ( a s a f r a c t i o n 02 t h e d i s k c e n t o r i n t e n s 1 . t~) should be proportional t o T , so we can write:
The decrease i n observed r o t a t i o n a l velocity should be proportional t o S so we can write:
'obs = 'actual -0es then combining ( 3 ) and ( 4 ) we expect:
'obs = 'actual -Wk (Ln I. . Figure 7 shows a s c a t t e r p l o t of Vobs and Ln I . The l i n e i s t h e l e a s t -s q u a r e s l i n e a r r e g r e s s i o n l i n e V = 1 3 4 Ln I + 885. A s e p a r a t e s n a l y s i s ?or data before and a f t e r February 15, 1978 yielded t h e 2 . 1 p e r c e n t c o r r e c t i o n t o compensate f o r t h e s l i t adjustment described above, TO complete t h e c o r r e c t i o n we need t o know I o , t h a t i s the i n t e n s i t y (corrected f o r phototube changes) t h a t would have been found w i t h c l e a n s k y and o p t i c s . S i n c e August 1978 t h e scattered l i g h t i n t e n s i t y j u s t o f f t h e l i m b has been measured a t the s t a r t of each s c a n . Figure 8a shows Ln I v s S. The i n t e r c e p t of the best f i t l i n e yields Ln I. = 8.56, T h u s we have:
Vcorrected=Vobs + 134 (8.56 -Ln I ) ( 6 ) Figure 8b shows the correlation between t h e observed r o t a t i o n velocity and t h e measured s c a t t e r e d l i g h t . The roughly l i n e a r relationship h e r e j u s t i f i e s t h e form of eqn. ( 4 ) . The slope of the l i n e i n figure a v a l u e f o r k i n eqn ( 3 ) . These combine t o yieldbc/k=119 which i s i n c l o s e a g r e e m e n t t o t h e v a l u e f o r e / k d e r i v e d f r o m t h e d i r e c t c o m p a r i s o n o f i n t e n s i t y a n d r o t a t i o n i n F i g u r e 7 . Due t o u n c e r t a i n t i e s i n a s s e : < .t!tt t h e r e l a t i v e e r r o r s i n t h e computed r o t a t i o n r a t e a n d t h e ob, t 1.-ed scattered l i g h t , t h e s l o p e s o f t h e l i n e s i n Figure 
shows t h a t a s m a l l e r v a l u e of t h e s l o p e s of t h e l i n e s i s c o n s i s t e n t w i t h t h e d a t a , w i t h t h e e x p e c t e d v a l u e o f 20 m / s p e r p e r c e n t s c a t t e r e d l i g h t , and w i t h t h e r a t i o W.4:
found i n F i g u r e 7.
P i s c u s s i o n
The V a r i a b i l i t y o f S o l a r R o t a t i o n F i g u r e 9 c shows t h e e q u a t o r i a l r o t a t i o n rate a as c o r r e c t e d 0 w i t h r e l a t i o n ( 6 ) . F i g u r e 9a i s t h e l o g a r i t h m o f t h e b r i g h t n e s s d a t a from F i g u r e 3 and F i g u r e 9 b i s t h e d a t a from F i g u r e 6 shown h e r e f o r c o m p a r i s o n . S e v e r a l s t a t e m e n t s c o n c e r n i n g t h e n a t u r e o f s o l a r r o t a t i o n c a n b e made by e x a m i n i n g t h i s d a t a . The f i r s t a n d most c e r t a i n i s t h a t t h e d a y -t o -d a y v a r i a t i o n i n t h e o b s e r v e d v a l u e i s small w i t h a n rms v a r i a t i o n f r o m t h e mean o f 26 m / s o r a b o u t 1.3 p e r c e n t . D u r i n g i n t e r v a l s o f good w e a t h e r , a s i n d i c a t e d bjr s m a l l v a r i a n c e i n t h e i n t e n s i t y , i t can be s e e n t h a t t h e s o l a r c o n t r i b u t i o n 
C o n s i d e r i n g t h e u n c e r t a i n t i e s i n t h e c o r r e c t i o n s a p p l i e d , t h e r e i s no j u s t i f i c a t i o n f o r c o n c l u d i n g t h a t even t h e s e small v a r i a t i o n s are of s o l a r o r i g i n .
T h e r e may, o f c o u r s e , b e l o n g t e r m v a r i a t i o n s i n t h e r o t a t i o n r a t e t h a t a r e masked by u n c e r t a i n t i e s i n t h e c o r r e c t i o n s , b u t v a r i a t i o n s on t h e o r d e r o f 1 p e r c e n t o r l a r g e r seem t o be excluded by t h i s a n a l y s i s .
A c t u a l Value o f S o l a r R o t a t i o n
Newton a n d Nunn ( 1 951 1 r e p o r t e d t h e a v e r a g e r o t a t i o n r a t e o f l o n g -l i v e d r e c u r r e n t s u n s p o t s . U s i n g t h e i r f o r m f o r d i f f e r e n t i a l r o t a t i o n , t h e e q u a t o r i a l r a t e from sunspot o b s e r v a t i o n s i s 2020 m / s .
An i n s p e c t i o n o f Figure 9 s h o w s t h a t , t o t h e c e r t a i n t y o f t h e c o r r e c t i o n s , t h e p h o t o s p h e r i c m a t e r i a l a l s o r o t a t e s a t t h i s r a t e . C o n s i d e r i n g t h e p o s s i b l e u n c e r t a i n t y i n t h e c o r r e c t i o n s i t i s w o r t h w h i l e t o e x a m i n e s e p e r a t e l y t h e d a t a s i n c e May 1 8 , 1979. While t h i s only r e p r e s e n t s 60 o b s e r v a t i o n s , t h e a c a t t s r e d l i g h t h a s been low
e n o u g h t h a t n o c o r r e c t i o n i s n e c e s s a r y . F i g u r e 'I! shows t h i s d a t a ,
T h e r e h a s b e e n n o change i n t h e proceduro d u r i n g t h i s t i m e e x c e p t t o k e e p t,he o p t i c s c l e a n t o e x c l u d e an e f f e c t from a c s t t e r e d l i g h t , The a v e r a g e v a l u e o f t h e uncorrected r a t e a. f o r t h i s i h t e r v a l i s 2016 13m/s. I n o r d e r t o b e f u l l y c o n f i d e n t o f t h e c o n s t a n c y o f t h i s v a l u e , a n a d d i t i o n a l y e a r o r more o f o b~e r v a t i o n s n~u s t be made, but i t i s s a f e t o s a y t h a t i n June 1979 t h e photospheric m a t e r i a l r o t a t e d a t t h e Newton and Munn r a t e .
S e v e r a l p o i n t s need t o be r e v i e u e d . A t t h e SSO, measurements
o f t h e s o l a r r o t a t i o n r a t e h a v e b e e n made s i n c e May 1976. I n t h e e a r l i e r o b s e r v a t i o n s , t h e m e a s u r e d v e l o c i t i e s were contaminated by s c a t t e r e d l i g h t . T h i s i s e x i b i t e d by a n obvious c o r r e l a t i o n between t h e o b s e r v e d i n t e n s i t y a n
d v e l o c i t y d a t a . When t h e e f f e c t o f s c a t t e r e d l i g h t i s removed by e m p i r i c a l methods i t i s found t h a t :
A ) T h e d a y -t o -d a y v a r i a t i o n s i n t h e e q u a t o r i a l r o t a t i o n a r e a t most 20 m / s rms a b o u t t h e mean, B) T h e r e a r e no long term t r e n d s exceeding I p e r c e n t t h a t c a n b e a s s o c i a t e d w i t h t h e sun r a t h e r t h a n t h e i n s t r u m e n t , C ) T h e a v e r a g e r a t e F o r t h e p h o t o s p h e r e i s m o s t l i k e l y a b o u t t h e same as t h e Newton and Nunn r a t e f o r s u n s p o t s .
I t was a l s o f o u n d t h a t t h e fewor t h e number o f terms used t o e x p r e s s
s o l a r r o t a t i o n t h e s m a l l e r t h e v a r i a n c e i n t h e r a t e determined, When t h a t t h e p h o t o s p h e r e i n g e n e r a l r o t a t e s s l o w e r t h a n l a r g e s c a l e m a g n e t i c f i e l d s t r u c t u r e s a
n d t h a t t h e r a t e shows s u b s t a n t i a l v a r i a t i o n s . I t i s u n l i k e l y t h a t magnetograph-type o b s e r v a t i o n s made a t o t h e r o b s e r v a t o r i e s s u f f e r from t h e s p e c i f i c e r r o r s t h a t formerly e x i s t e d a t t h o SSO ( e . g . s c a t t e r e d l i g h t )
but t h e r e may be some a s y e t u n i d e n t i f i e d s o u r c e s o f i n s t r u m e n t a l n o i s e . If t h e r e is some n o i s e w h i c h i s n o t p u r e l y random t h e n t h e o b s e r v a t i o n s may n o t b e i n c o n f l i c t , b u t o n l y t h e i n t e r p r e t a t i o n s . with t h e Littrow l e n s and d i f f r a c t i o n grating a t t h e bottom of a 23m p i t , F i g u r e 2 . The change i n observed image b r i g h t n o a s n s a f u n c t i o n o f a i r m a s s on n t y p i c a l day. Tho i n t e r c e p t f o r z e r o a i r m a s s p r o v i d e s t h e a a k i b r a t f o n of t h e i n s t r u m e n t i n t e n s i t y s i g n a l f'or t h a t day.
F i g u r e 3 , O3served image brightness f o r each magnetogram through July, 1979. The arrows show the dates on which the o p t i c s wore cleaned. I n t e n s i t y changes d u e t o o t h e r i n s t r u m e n t c h a n g e s h a v e been removed.
F i g u r e 4 . D r i f t i n t h e v e l o c i t y s i g n a l a s c r i b e d t o s p e c t r o g r a p h and e l e c t r o n i c s d r i f t s . The t o t a l m o u n t o f t h e d r i f t between t h e r e f e r e n c e i n t e g r a t i o n s i s shown, The average magnitude of t h e d r i f t was 43 r n ;~ per hour. The algorithm f o r p o s i t i o n i n g t h e g r a t i n g was changed i n October 1976 t o reduce the residual grating rnot;j.on. F i g u r e 6 . S o l a r e q u a t o r i a l r o t a t i o n r a t e no f o r each magnetogram scan includod i n t h i s a n a l y s i s , Thore a r e tick marks a t the f i r s t of each month, Tho a r r o w s show t h e d a t e s o f c l e a n i n g and realuminizing the mirrors, Figure 7 . A scatterplot of tho equatorial rotation r a t e a. a s a f u n c t i o n of t h e logarithm of the observed image brightness l n ( 1 ) . The best f i t l i n e shown i s used t o determine the e r r o r i n a. which i s due to the correlation w i t h i n t e n s i t y , F i g u r e 8 . S c a t t e r p l o t s o f a ) l n ( f l and b) a. w i t h t h e observed scattered l i g h t S f o r those observations f o r which S was measured. S i s the brightness i n t h e 3 -a r c -m i n u t e a p e r t u r e c e n t e r e d about 2 arc-minutes o f f t h e l i m b r e l a t i v e t o t h e d i s k center brightness. The intercept i n 8a shows the b r i g h t n e s s w i t h no scattered l i g h t Xo, while the s l o p e of t h e b e s t f i t l i n e s i n 8a and 8b verify the correction factor derived i n Figure 7 . Figure 6 ) , and c) the corrected equatarfal r e t a t i~n rnto for a l l includod s c a n s , The correction woo appliod a o p n r a t a l y f o r e a a h s c a n t h u o eoma s f t h e variance i n b r i g h t n e s s which i s not corrolntod w i t h ~o a t t e r o d l i g h t t o n d s t o inaroase tho variance i n tho corrected r o t a t i o n r n t o , The e s t i m a t e f o r day-to-day variations i n a. i s .ado from Figure 
